b Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS)-based species identification has become a reliable and fast tool for use in clinical diagnostics, including in mycology. To identify yeasts in the MALDI Biotyper system, a multistep extraction protocol, which is also used to generate the reference spectra, is recommended. Sample preparation by on-target lysis (OTL) requires significantly less hands-on time and is therefore highly desirable, but it results in too-low MALDI Biotyper log score values to allow automated species identification. To overcome this problem, we developed a procedure for generating and validating an OTL spectrum data set for the most relevant and frequently occurring yeast species in clinical specimens. The performance was evaluated against a set of OTL spectra derived during clinical routine procedures and from a set of closely related yeasts. In the diagnostic setting, the OTL procedure significantly decreased the workload but allowed species identification with high specificity and sensitivity. False identifications were not observed. The use of in-house-generated OTL reference spectra can highly accelerate MALDI-TOF MS-based yeast species identification using the MALDI Biotyper.
F
or species identification from culture material, matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) is a reliable and fast tool for use in clinical diagnostics, including in mycology (1, 2) . To prepare bacterial samples for species identification, it is generally sufficient to transfer a small amount of intact cells from the agar plate onto the MALDI target plate and overlay the cells with a small amount of matrix solution. This smear preparation protocol is appropriate for most bacterial species, but due to their stronger cell walls, fungal cells do not necessarily lyse to the same extent and may not sufficiently release their intracellular contents under these conditions, resulting in an insufficient number of peaks above background level.
To identify yeast species in the MALDI Biotyper system, the manufacturer recommends the use of an extraction protocol, which also has been used to generate the reference spectrum database. Briefly, cells are harvested and washed in 70% ethanol, dried, and then lysed in 70% formic acid, followed by the addition of acetonitrile. The debris is removed by centrifugation and the extract spotted onto a steel target. This method generally leads to an increased number of distinct peaks, which are sufficient for species identification. However, this multistep procedure delays the workflow during routine diagnostic procedures.
Between the simple smear preparation protocol and the full extraction, several variants of the extraction steps have been described in the literature. In the simplest version, the smear is overlaid with 70% formic acid and left to dry before overlaying with the matrix. Here, this is referred to as on-target lysis (OTL); in the literature, it is also called short extraction or formic acid overlay (3) (4) (5) (6) (7) . Since this particular sample preparation method is significantly faster and requires less hands-on time than extraction, several studies have evaluated its usefulness in routine diagnostic procedures with the MALDI Biotyper (3, 4, (6) (7) (8) (9) (10) (11) . The technical problem to be overcome here is that compared to full extraction, this method generates (i) partially different and (ii) fewer peaks with a signal-to-noise ratio above the specified threshold ratio. As outlined above, the MALDI Biotyper reference spectra have been generated using the full extraction protocol and, therefore, the OTL spectra are matched only at decreased log scores (2) . A log score is the measure of quality of the database hit, where log scores of Ն2.000 are classified as species-level identifications, and log scores between 1.700 and 1.999 are classified as genus-level identifications only. Nevertheless, it has been found that lower log scores starting from 1.800 (10, 11), 1.700 (3, 4, 7, 9) , or even 1.500 (6, 12) can be accepted as species specific for yeasts if certain criteria are met (4, 8, 12) .
To achieve an automated species-level identification in the current V3 MALDI Biotyper client series, all spectrum scores of Ն2.000 must be of the same species and all spectrum scores of Ն1.700 of the same genus. In the absence of automated implementation of the modified algorithms, laborious manual inspection of the hit lists for each sample and a manual adjustment of the identification level to the species level must be performed if the criteria are met.
Obviously, the best preparation method to use for the system at hand is the same method with which the spectra for the database have been generated, since this will lead to the highest concordance. To streamline the diagnostic procedures for the identification of yeast species with the MALDI Biotyper, it was recently shown that reference spectra added to the database from yeast strains prepared with the quick OTL method can lead to significant score values (13) .
To overcome the need to generate and curate large amounts of OTL reference spectra into the MALDI Biotyper database, we have tested what can be achieved with a minimal set of spectra for the clinically most frequently occurring species only.
MATERIALS AND METHODS
Yeast strains and culture. For long-term storage, yeasts were kept as Cryobank stocks (Mast Diagnostica, Reinfeld, Germany) at Ϫ70°C. Once thawed, the strains were kept on Sabouraud agar slants supplemented with 0.5% peptone (casein), 0.5% peptone (meat), and 2% glucose. The isolates from diagnostic procedures were grown on either Columbia blood, chocolate, or Sabouraud agar (all from Oxoid, Wesel, Germany). The isolates selected for this study were from Candida albicans (n ϭ 122), Candida dubliniensis (n ϭ 10), Candida tropicalis (n ϭ 25), Candida lusitaniae (n ϭ 14), Candida parapsilosis (n ϭ 20), Candida metapsilosis (n ϭ 2), Candida orthopsilosis (n ϭ 7), Candida glabrata (n ϭ 27), Candida nivariensis (n ϭ 1), Candida palmioleophila (n ϭ 7), Candida guilliermondii (n ϭ 16), and Candida krusei (n ϭ 14).
The isolates eventually chosen for making the six final reference entries (see below) were deposited at the German Collection of Microorganisms and Cell Cultures (DSMZ) under DSM 28718 (C. glabrata), DSM 28719 (C. albicans), DSM 28720 (C. tropicalis), DSM 28721 (C. krusei), DSM 28722 (C. parapsilosis), and DSM 28723 (C. dubliniensis).
Sample preparation and spectrum acquisition. The samples were prepared by three different methods. First, smear preparation was done by careful streaking of a small amount of cells obtained from a fresh colony onto the steel target plate and overlaying it with matrix solution (saturated aqueous solution of ␣-cyano-4-hydroxycinnamic acid in 50% acetonitrile, 0.125% trifluoroacetic acid). Second, OTL was performed similarly to smear preparation, except that the cells were lysed by adding 1 l of 70% formic acid and left to dry prior to adding matrix solution (2, 14) . Third, full extraction was performed according to the protocol provided by the manufacturer, extracting proteins from ethanolized cells by sequential treatment with 70% formic acid and acetonitrile.
All OTL sample preparations were done in triplicate. The spectra from the samples prepared with either full extraction or OTL were recorded using the automated acquisition mode of the MALDI Biotyper 3.1 software on an Autoflex III mass spectrometer (both from Bruker Daltonics, Bremen, Germany). The spectra from the smear preparations were acquired by manually adding 600 spectra from spot regions where at least a minimal set of distinct peaks was recordable. The smear preparation spectra served only in a qualitative demonstration of the differences by the three methods (Fig. 1) . Before spectrum acquisition for the generation of MSP, the instrument was calibrated with Bruker Test Standard (BTS). For each isolate, 30 individual spots were prepared using the OTL method. The spectra were acquired using the automated acquisition mode and an MSP generated to include masses occurring in Ն20% of the spectrum set. For all procedures, the standard settings as implemented in the MALDI Biotyper were used.
Generation of MALDI

RESULTS
Over a period of 1 month, we collected all yeasts differentiated in our clinical diagnostic laboratory. This amounted to 122 C. albicans, 25 C. tropicalis, 20 C. parapsilosis, 27 C. glabrata, 10 C. dubliniensis, and 14 C. krusei isolates, as well as several single isolates from rare species. These six species also represented the most frequently occurring yeasts in our clinical specimen over longer periods of time. The mass spectra of samples prepared with the extraction method were visually different from those prepared with the OTL method (Fig. 1) . The OTL spectra generally contained fewer (ϳ70 to 90) but more intense mass signals above the signalto-noise ratio than those of the extraction spectra, for which we regularly obtained Ͼ150 mass signals (data not shown). These OTL spectra resulted in log scores in the genus-level range of 1.800 to 1.999, as previously reported by others (10, 11) . Only for C. tropicalis, ϳ50% of the scores were Ͼ2.000 ( Fig. 2A, Biotyper  column for C. tropicalis) . The best-effort mass spectra obtained manually from the samples prepared by smear preparation gave no useful mass signals and were insufficient for either genus or species identification (Fig. 1) .
FIG 1
Comparison of example mass spectra obtained by the different preparation methods. Top spectra, full extraction; middle spectra, OTL method; bottom spectra, smear preparation. The mass range of each spectrum is 2 to 14 kDa (x axis), and the peak intensities (y axis) are set to 15,000 arbitrary units. The acquisition of smear spectra was performed manually, whereas that of OTL and extraction spectra was by automatic mode.
Generation of MSP entries for epidemiologically frequent yeasts. Different isolates of C. albicans (n ϭ 8), C. tropicalis (n ϭ 3), C. parapsilosis (n ϭ 4), C. glabrata (n ϭ 2), C. krusei (n ϭ 2), and C. dubliniensis (n ϭ 2) were selected from among our routine isolates and reference MSP generated from samples prepared by OTL (see below). The identification levels obtained by these novel MSP were calculated retrospectively on all OTL spectra derived from routine diagnostics during the initial study period (acquired with the automated "smart" mode). The MSP of one species showed different matching levels to the respective set of routine OTL spectra, as outlined, for example, for C. albicans (Fig. 2B) . For each species, we selected the one MSP that resulted in the highest rates of correct OTL spectrum identifications (Ն75% of scores at the species level) and entered them into a novel database, the Yeast On-Target Lysis (YOTL) database. The YOTL database, as well as the combination of YOTL with the MALDI Biotyper database, allowed efficient and correct matching of the OTL spectra. When the log score values initially remained Ͻ2.000, this was generally amended by repeating the preparation or by preparing the sample in duplicate (data not shown).
Quality control.
Although the MSP generated were efficiently able to match OTL spectra correctly, it was a major concern that due to the reduced peak numbers, their discriminatory power might be reduced and consequently also their ability to discriminate correctly between closely related species. We therefore introduced a control group consisting of several fungal species that were closely related to the species in the YOTL database. For C. albicans, this was C. dubliniensis (already included in the database); for C. glabrata, this was C. nivariensis; and for C. parapsilosis, we included C. orthopsilosis and C. metapsilosis. Also, C. lusitaniae, C. guilliermondii, and C. palmioleophila were included, as these species are notoriously difficult to tell apart, and only MALDI-TOF has recently facilitated easy differentiation between them (16, 17) .
While the C. dubliniensis MSP efficiently matched all respective isolates ( Fig. 2A) , there was no cross-matching with the C. albicans MSP or those of any other species (data not shown). The OTL spectra of all other species were summarized into a single spectrum group and evaluated against the set of six MSP. There were no matches to YOTL with scores of Ͼ1.800 (Fig. 2C) . Only the spectrum of C. nivariensis matched with the C. glabrata MSP, with a score of 1.732 (at the genus level). Similarly, the testing of a set of 300 consecutive routine bacterial smear spectra did not result in any matches within the YOTL database above the genus-level significance threshold of 1.500 (Fig. 2C) .
In-house validation. For validation of the YOTL database, all yeasts occurring in our routine diagnostics over the following 2 months were prepared by both OTL and extraction, side-by-side and in duplicate. Excluding isolates processed during an initial familiarization phase of 1 week, during which technicians were trained in the OTL protocol, this amounted to 208 C. albicans, 22 C. tropicalis, 15 C. parapsilosis, 54 C. glabrata, 7 C. dubliniensis, and 9 C. krusei isolates, as well as 41 isolates of species not included in YOTL, as determined by the MALDI Biotyper extraction method as the gold standard.
Using the recommended cutoff at a log score value of 2.000, there were no false species identifications using YOTL only or the combined YOTL and MALDI Biotyper databases. The yeast isolates whose species were represented in YOTL scored mostly Ͼ2.000 (Fig. 2D) . The isolates of those species not represented in YOTL did not produce log score values of Ͼ1.5 and thus were not within the relevant range (Fig. 2D) . Of the isolates whose species were contained in YOTL, 84% and 88% were correctly identified on the first attempt at the species level using YOTL only or the combined YOTL and MALDI Biotyper databases, respectively (Table 1) . In 25 cases, we analyzed whether repeating the analysis after replating or extending the incubation time for plates with small colonies had been successful. Indeed, this was the case in 23 of 25 (92%) cases, achieving an estimated overall level of 96% correct species identifications (Table 1) .
DISCUSSION
Mass spectra generated from yeasts prepared with the OTL method generally give rise to classifications with score values of Ͻ2.000 using the regular MALDI Biotyper database. The addition of our yeast OTL spectra (YOTL) to the regular MALDI Biotyper database significantly improved the recognition of such samples and circumvented the need for specific algorithms to classify lowscoring matches (2) . Using the combined YOTL and MALDI Biotyper databases, we achieved 88% correct identifications for the six species on the first attempt and up to 96% (cumulative) when we repeated the analysis after replating the isolates or extending the growth time. Incidentally, on the first attempt, several correct matches were observed at the genus level that were incorrect at the species level. This indicates that once YOTL spectra are incorporated, any other algorithms accepting genus-level identifications as species specific (3, 4, 6-11) must not be used.
In contrast to others (13), our auxiliary YOTL database contained only a single OTL MSP for each of the six most frequently occurring yeasts in clinical specimens. The YOTL database significantly improved the diagnostic workflow of MALDI-TOF MSbased yeast species identifications in our routine laboratory, as shown by our in-house validation. Our procedure of making such OTL reference spectra is technically simple and can be accomplished by most laboratories that are generally familiar with the technology. In the absence of manufacturer-provided OTL spectra, such in-house-generated spectra can be integrated into the database, as long as proper quality control measures are met. Due to the absence of cross-matching at the species level with other closely related yeast species, it can be assumed that such databases can easily be enlarged to encompass other species, if needed. The YOTL spectrum set is freely available upon request.
